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Chronic  obstructive  pulmonary  disease  continues  to  ma  ifist  an  increasing  prevalence 
in  male  Americans.  A recent  study  of  commercial  airline  pilots  revealed  a 12-percent 
prevalence  of  minor- to-moderate  splrometric  impairment.  Because  commensurate  data 
were  not  available  for  general  aviation  pilots,  in  who  i sjch  impairment  could  also 
compromise  flight  safety,  a parallel  study  was  made. 


The  British  Medical  Research  Council  and  smoking  questionnaires,  chest  expansion, 
and  splrometric  measurements  of  FEV^l  FVC,  FEV/7J,  MW,  ind  FEE<5  -A  were  assessed 
in  181  male  general  aviation  pilots.  All  data1  Showed  a general  relationship  to 
increasing  age  and  amount  of  smoking.  Based  on  FEV(j[7i  ar  d l EF^  757}  combined , 
minor  degrees  of  spirometric  impairment  were  exceeded  by  25.4  percent  of  the  pilots 
and  moderate  degrees,  by  12.7  percent.  Negligible  impai.ne  it  was  ref-ected  in  tf.e 
remaining  spirometric  parameters.  Subsequent  testing  of  such  spirometrically 
Impaired  pilots  for  altitude,  fatigue,  and  orthostatic  tcletances  related  to 
general  aviation  is  planned. 
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SIMROMEIRIC  ASSKSSMKNT  OT  I’OTKNTIAI.  RKSIMR  ATOK V IMPAIR M KNT 


IN  CKNKKAL  AVIATION  AIR M KN 


I.  Introduction. 

Chronic  ob-t  motive  |>  u I m o n ;i  rv  di-ca-e 
(t'Ol’lM  in  a i n t v cncompu-scs  emphysema, 
chronic  bmnehil  i«.  and  :t-l )iin:t.  Ileecll*  slali-lies 
indicate  .-in  iiii-iva-imr  prevalence  of  COIM>  in 
iltc  American  | m i|m l;iti. >n.-  ' ; The  ri~U  of  in- 
••urrinir  (’<)l*l>  is  c-timated  at  .">  t<>  i<i  times 
irreater  in  men  than  in  women.'  In'  ^rvnt*fsil. 
COPI>  i-  po-itively  co'ivlatcd  with  am*. 
cigarette  -look  in::.  am!  contamination  if  the 
•ruseon-  environment." 

Several  variation-  nf  t'Ol’l)  of  "sulliciem  de- 
cree in  he  symptomatic’*  <iml  <>r  “to  interfere 
with  pulmonary  function**  are  anniny  the  condi- 
tions for  w 1 1 ieh  metlieal  certification  of  airuien 
is  tlenietl  or  deferred.”  (Quant  Uat  ive  spiroiuct  re 
standards  for  lieal  liy.  iiornial  American  male 
have  Ik'vIi  estahli-lied  liy  prev  inn*  studies. '- 
(Quantitative  spirometry  in  a recent  study  of  it 
eoiumereial  airline  pilots  ( If -.*>!*  yr  of  itjje) 
showed  that  minor-to-modcratc  spirometrie  im- 
pairment  exi  ted  in  12  jiercent  of  this  population 
and  was  hijrldy  eorrelated  with  ajre  and  eitru- 
ivtte  sinokiii".'  I’nless  clinically  indicated, 
ijuant dative  spimm»lrie  evaluation  is  not  a man- 
tiatory  part  of  the  aeroiuetlieal  examination. 
.Minor-to-moilerale  spirometrie  impairment  could 
adversely  ntfeet  safe  flight  liy  the  General  avia- 
tion pilot  hreat hin;:  only  uinhient  air  at  eahin 
altitudes  apploaehiu^  I2..VHt  ft. 

Currently.  puhlished  prevalence  data  on  niinur- 
lo-uiiHlerate  dejrrees  of  spirometrie  impairment 
in  general  aviation  pilots  do  not  appear  to  exist. 
Rase.l  on  i|iiantitative  spirometry,  the  main  ob- 
jectives of  this  study  me  to  ascertain  if  minor 
spirometrie  impairment  is  present  or  exceeded  in 
the  male  eencrnl  aviation  population  and.  if 
present,  at  what  a"c  threshold  such  impairment 
a p| nut rs  in  the  noiisiuokers  (NS),  smokers  (S), 
and  ex-smokers  (KS)  of  this  population.  If 
spirometrie  impairment  is  present  to  substantial 
decrees,  additional  research  can  he  initiated  to 


test  the  elfeet  of  such  decrees  of  impairment  on 
critical  a -peels  of  safe  tli"ht.  Any  adver-e  elfeet 
revealed  by  such  (»•— t iiij*  could  lie  countered  hy 
an  educational  Advisory  Circular  and  or  the 
formulation  of  a relevant  screenin':  aeromedieal 
standard  ha-ed  on  ipialit  it  at  i v e spirometrie 
values. 

II.  Mnfetiuls  and  Methods. 

Si  l,i  linn  of  Siilijirf*.  Volunteer  male-,  of  yr 
of  a«v  or  ohler.  weiv  recruited  from  personnel 
of  the  FA  A Aeronautical  Center  and  residents 
of  eomiiuiuit te«  surrounding  Oklahoma  City. 
Knelt  volunteer  was  a general  aviation  pilot  and 
possessed  a current  airman  medical  certificate  at 
the  time  of  spirometrie  assessment.  Prior  to 
spirometry,  each  subject  was  examined  medically 
for  any  thoracic  condition  that  would  preclude 
testins:  of  this  type.  A ipicst ionnatre  on  smoking 
history"  and  one  by  the  Rritish  Medical  lie- 
search  Council  (RM1IC)  on  ivspiiatory  symp- 
toms" were  completed  by  all  subjects.  A^e. 
height,  weight.  Framingham  relative  weight,  and 
total  numlier  of  pack  years  of  inhaled  cigarette 
smoking  for  all  subjects  in  each  smokin':  cate- 
gory are  summarized  in  Table  1. 

S/ilroni,  tri/  /‘i-otoco/.  All  spirometry  was 
conducted  in  a temperat ire-eont rolled  room  with 
each  subject  seated  in  •»  comfortable  padded 
chair.  A Collins  Rho-liier  spirometer  was  used 
to  obtain  timed  paper  record  in jjts  of  the  expira- 
tory forced  vital  capacity  (FVC)  and  maximum 
ventilatory  volume  (MW)  maneuvers.  Roth 
maneuvers  were  conducted  in  accordance  with 
standardized  clinical  spirometry  procedures.1 
For  each  of  these  two  maneuvers,  the  U'st  re- 
cordin;:  from  three  maximum  effort-  was  seleeteil 
for  subse<|uent  nnalysis.'-'  From  the  FVC  re- 
cording. the  I -see  forced  expired  volume  (FKV,). 
t lie  F\ C.  ami  the  forced  midexpiratory  flow 
( FKF-j-.  :/*  ) were  measured  directly.  The 
!•  I'.\  i T \ C x Phi  ( FKV  ,'i  ) was  e deulated  by 
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whs  >nensiireil  mnl  |iiii|iiiiliuiinli/.i>il  In  represent 
tilt*  A l V per  lliillllti1.  All  -M-  vnlnnir-  weir 
r«»rivrf,‘il  In  BTI’S.  As  ;l  «•« HTf hit t>  nl'  FYC. 
rirciini!  •IVIltil.il  rlii’sl  r\pmi-iun  (ninxiiiinin  in- 
spirit! im..  tiiiniis  inn  \iniiiin  pi  r:i  t inn  > wn-  1 1 n*:i  - - 
lifer  I ill  ' Till  l ini’l i*r>  horizniitnlll  nt  1-1  u-  ni|>|ilr 
li*vt‘l  willi.it  steel  t :i | »f  ninoiiliiin  ;l  -ininlnnl 
nntlinipniiH'  ric  prnen  litre.7 

III.  Results^ 
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1 1 ill  \ Irllrrl  n I rn  I In  nrlii  nl  | ■ 1 1 1 1 I n i_  ll.r  hnhll. 
Within  r.irh  -innkintr  rnlr^niy.  I hr  t f hit  inn-hip 
nf  illi'IVilsillir  uhjrrlilr  -llupluin-  with  11  L'e  Mil- 
lint  IIS  rlrnr  rut  n-  n I i “ h t hr  r\prrlr,|.  Thr  nil 
r vprrtril  lnwr-1  pin  ri  nl  mjr  III  III  pi  "In-  mriiiiril 

ill  llir  imn-i  linker-  whn  Here  tin  i r nf  I nhln  . 

This  pint  ill  I l\  Irllrrl  - 1 1 1 1 1 1 1 1 1 r I if  :l  1 1 1 1 I mil  II I r nil  llrr 
I IV  these  fill'  nhlrl’  pilnl-.  hrriin-r  Inn-1  nf  their 
-piluinrl  I V pill'illnrlrr-  rvcr.lril  lull  prirrlit  nf 

I I if  i 1'  plnlirtril  linl  inn  I i iih.lr-. 

S/i/rnnii  hi/.  In  I lit-  -I  ml\.  nil  I'T.Y  . I''V< '. 
mil!  MW  llllllr-  HIV  rxprrs-eil  ;l-  ) M*I'«'«‘llt sitr*'- 
nf  llir  pinlirinl  imnniil  iitlin-  hn-nl  mi  thr 
Yclcrmis  A'liniiii-t  i:it  inn-.v  tin  v -linlv.'"  All 
FF,F_. . : .'f  llllllr-  nir  cxpl'r— f 1 1 ill  llir  sillnr 
tn:i liltf l‘  hnt  me  hn-nl  mi  thr  -Hull  nf  Mnlli- 
./  ill.'-  Fnr  thr-r  filin'  piil'illiirlrl'-.  so  pcrrclit 
is  thr  irrliriillly  ;icreptr,l  ihl'r-hnhi  in  I nr  fnr 
minnr  spirnnirt  rir  impnirnient  : mu’.  7"  privrnt. 
fnr  ninilriHlr  impairment.  All  mines  _rir:i t f r 
limit  stl  permit  itnllriilr  nni'iiiillity.  mnl  thn-c 
hrtwrrn  7**  mnl  sn  privrnt  iliiliriilr  minnr  itn- 
pnil'IIICIlt.  I’nt  FFY/r.  llir  ri  III  | , ml  i - 1 1 I'll  1 1- 
thivslmhl  viilnr-  fnr  niiimr  mu!  nimlrrmr  -pirn- 
mrlrir  iinpiiirinnil  hit  7.‘>  prirrlit  mnl  Ik",  percent 
respectively. 

Thr  FF.Y..  FYC.  !'i:\/;.  MW.  mnl 

l,T.I’...  t /i  ihilii  hit  -mniiiiil  iznl  in  'I  :i I >1«—  7: 

Hire  hi'iirkrl-  mnl  -innkinir  eaten.  - :i  r it  If  It  t if  :■  1 
to  t linsr  ill  Tiihlr  Subject  iilllnhcl-  in  r.'irll 
Hire  hnickcl  sin*  >!:  i nir  riitriinry  :ilr  omit  It*.  I fl'nln 
thr-r  livr  I si  hlr-  hrrmi-r  thr  iilcnthnl  ihttii  iit'r 
rnmpilril  ill  Tiihlr  Fnr  nil  live  | 'll  I'll  met  rl'-. 
thr  < !.*l t H within  rnrli  Hire  hrsirket  rrvr;i!  :i  ircneral 
pattern  nf  yrriltr-l  -rpmntinli  between  thr  linll 
sinnkrt's  mnl  llir  nlhrl'  tun  -liinkillt;  r;itrnn|ir-. 

III  thr  "nil  Hires  rnteir'nry  nl  rm  li  tiihlr.  mi  e\- 
prrtnl  si  rnni:rr  ililtil  -rpmntinli  hrlnrrli  t hr 
sinnkri's  mnl  r\  -innkrr-  nil-  mu-1  prnhnhlv 
ilillllrtl  hv  llir  tnniplrlr  nh-rl|rr  nf  tl.'ltn  fnr 
thr  >(;•!  vritr  nhl  sinnkrr-.  All  l n • 1 1 u h -nlli'  irnt 
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I'.xiii  k •_*.  NS.  S.  :i ii< I i:s  aii*  t It-li nc< I in  Table  I. 
't  |ieivent  nl  nucstinns  ( 15 M lit ' i|tif>t ion 
naiivj  an-wi-i  “yes."  in  ini'an.  SK  standard 
error.  an. I N huiuNt  nl'  ~ti I • ji-i-i 


iiiiihIhts  of >»i<i-v*‘iir-uli!  stunki'i"  pilot-  reside  in 
proximity  to  the  location  nf  this  study.  all  who 
wen*  actively  solicited  fur  t lu*  study  refused  In 
|*art  ic-i|»ati*. 

Fur  all  fixe  spirninetrie  parameters.  tin-  data 
within  each  sninkinir  entejrory  reveal  a general 
pattern  nf  tleerra>in<r  values  with  aire.  Despite 
the  ahsenee  nf  data  in  this  study  for  thc>t!t>- 
year-nlil  smokers,  this  jrroup's  afrc-related  deere- 
ments  in  spirninetrie  paraineters  would  emiserv- 
atively  Ik-  expected  to  eipial  nr  exceen  those 
manifested  by  the>tin-year-old  ex-smoker  jrroup 
(Tahles  :i-T).,R 

T.mii.k  .1.— Summary  of  FKV,  data.  A--nmnlier 
nf  individuals  with  minor  spimmetric  impair- 
ment. delined  as  a (,'r  nf  predicted  normal  value 
of<N>(r.  Q -numlier  of  individuals  with  mod- 
erate spirninetrie  impairment,  delined  as  a r,r 
of  predicted  normal  value  of  <7tK7.  All  other 
symiHils  atv  defined  in  Talde  !. 


Tmiii.  I.  Summary  nf  FW  data.  All  -\mhol- 
arc  delined  in  Table  55. 

> vC  _ . - A'.’i . 


T.xm.t:  Sumniarv  of  FKV/7  data.  A mmilicr 

nf  individuals  with  minor  spiruiiietrie  impair 
ment.  delined  as  a ' i nf  mea-tlird  F\  ( ' nf 
<7.V7.  []  niiinU'i'  of  individuals  with  mod- 
erate spirnmetrif  impairment,  delined  as  a ' i 
nf  measured  FVCnf  <(!.'•(< . All  other  symbol- 
are  delined  in  Talde  -. 


As  reflected  in  Tallies  15-7.  most  of  the  ajje 
bracket  stnnkm"’  ealejitirv  mean  values  for  this 
sample  nf  the  male  sreneral  aviation  population 
exceeded  the  commensurate  normal  values  for 
the  male  I'nited  States  population. ,n  Althouirh 

these  data  indicate  a hijrher  iiverajje-statc-of- 
puhnonary-healt li  in  airmen,  some  individuals 
within  this  sample  did  manifest  spirninetrie 
values  that  <|ua:ititatively  indicated  minor  nr 
moderate  spirninetrie  impairment.  In  Taldes 
•5  7.  the  A symbol  designates  the  uunilier  of  indi- 
viduals manifesting  minor  spirninetrie  impair- 
ment and  the  Q symbol.  the  nutulicr  inani fest inir 
moderate  impairment.  Minor  spirninetrie  im- 
pairment was  indicated  l«y  the  data  values  of 


viil.i.  ti.  Summary  uf  MW  il:il:i.  All  symlmls 
ate  defined  in  Table 
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individual: 
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FF.V/T 

(Table 

."•)  and 

by 

individuals 

( lMr/r  ) 

for  FKF..,  ::M 

(Table 

7).  At  most,  only  if.:*  |>errcht  of  tlu*  individuals 
manifested  minin'  spirometrie  i in| >a i rnu'iit  in 
FKV|.  FVC.  ami  MW  (Tables  .*>.  I.  ami  <> ) . 


Allliouyh  only  I (:*.'Jri)  subjects  manifested 
ilata  values  indicaliny  moderate  impairment  for 
FKV.tf.  1*1  ( ll.ti'i ) .till  so  for  FKF--,  The 
yreatcr  prevalence  of  m<Hli>rat<>  impairment  for 
this  latter  parameter  is  not  surprising  in  view 
of  the  general  knowledyc  that  FKF_.-.  -:M  is  a 
moiv  sensitive  ileteetor  of  peripheral  airway  im- 
pairment. whieli  is  usually  manifested  earlier  in 
eOI’I)  than  spirometrie  impairment  of  the  more 
proximal  buyer  airways/ 

Mceause  analysis  of  the  eirenmfcrential  chest 
expansion  data  revealed  no  useful  < I ist  inet  ions, 
further  eotisiderat ion  of  this  parameter  was 
deemed  unnecessary. 


IV.  Discussion. 

Although  lie1  general  value  of  a IiMK(’-ty|ie 
of  ijuest ionnaire  is  well  iieei ionized,  its  use  ;l..  a 
ipianl  itati  v e reflection  of  ("ODD  is  sontew hat 
liuiited.,;'  The  eiyurette  -smokiny  hi-tory  i-  a hit 
more  rcuurdiuy  in  its  u«e.  In-cause  it  has  U-cii 
estahlished  that  hoth  the  uuiiiU'i'  of  cigarettes 
smoked  per  day  and  the  nuuila-c  of  years  of  su>  h 
inhaled  smokiliy  ate  directly  related  to  the  se- 
verity of  (’ODD.1  The  pack-year  unit  continue* 
to  lie  Useful  hi  this  regard/' 

As  rellected  in  Tallies  :»--7.  suhstautial  amounts 
of  minor  and  moderate  spirometrie  impairment 
were  manifested  in  this  sample  of  male  General 
aviation  pilots.  Table  s summarizes  the  jietvcul- 
ayes  of  prevaleuee  of  minor  and  moderate  spiro- 
metrie  impairment  for  all  live  spiromefrie 
parameters  eomhitied.  The  ffi  syml«il  desig- 
nates tlu-  pereentiiife  of  individuals  manifest  in-: 
minor  impairment  in  at  least  one  spirometrie 
parameter:  the  f,<\3  designates  the  jierrcntaye  of 
individuals  manifestinfr  moderate  impairment  in 
tit  least  one  parameter.  In  the  “all  a ires"  cate- 
gory of  Tahle  s.  (i)  the  smokers  and  ex -smokers 
elearly  manifest  much  yivatcr  pie  valences  for 
minor  and  moderate  impairtueiit  compared  to 
the  nonsmokers  and  (ii)  the  greater  prevalence* 
for  the  ex-smokers  eompatvd  with  the  smokers 
is  most  prohahly  due  to  the  absence  of  ilata  for 
the^(!0-year-old  smokers.  Iks -hum'  the  average 
numlier  of  park-years  of  smoking  for  this  latter 
group  prohahly  eipials  or  exeeetls  the  S.U  park- 
vear  average  for  t he > tit t-y ear-old  ex-smokers 
who  laid  already  ceased  smoking  for  Ig.l  vr. 
In  all  three  smoking  categories  eomliim-d  in 
Talde  s.  (j)  a trend  .if  increasing  prevalence  for 
minor  and  moderate  spirometrie  impairment  with 
aye  is  manifested:  (ii)  the  eX|tcetcd  largest  age- 
related  prevalence  of  spiroiiH'lrii-  impairment 
manifested  by  lhe>f!(l-year-nld  group  are  prob- 
ably undeivstimates  liccnMsr  of  the  absence  of 
data  for  the>tiO-year-oh|  smokers:  and  (iii)  the 
first  sharp  increase  in  prevalcme  of  moderate 
spirometrie  impairment  occurs  in  the  fourth  aye 
decade  and  is  due  mainly  to  the  smokers  and 
ex-smokers.  1 he  prevalence  values  ap|n*ariny  in 
Table  S are  due  almost  entirely  to  impairment 
of  Fh\  ,ff  and  FFF_..  .-,rr.  This  yeneral  find- 
ing is  completely  consonant  with  the  accepted 
theory  that  the  earliest  manifestation  of  ('ODD 
is  usually  peripheral  airway  impairment.''  These 
data  siiyyest  that  a reasonable  ipiantilalive 


Taiii.k  s.  Nuimunry  of  '<  piwulence  of  minor 
ami  moderate  s|>ironietrir  impairment.  [<  A 
|>eiventa;_v  of  ittdii  idual-  ha\ inir  at  lead  one 
spirnmct lir  valur  <7 .*•'»  for  FKV/«  <».•  <st>fJ 
for  t!ir  rftnai>:in<r  four  spiromelric  parameters, 
'f  □ |H'ivi>nlay.t*  of  individuals  having  at  least 
one  spirometrie  value  <t».v;  for  or 

<7o'i  fo1'  tln>  tvtnnitiih*'  spiroiHetric  param- 
eters. All  oilier  symlsds  are  dctincd  in  Ti.i  ie  2. 

Prevalence  of  AGF 


30-39  40-49  5059  *60  All 


NS 

%A 

227 

9 l 

200 

0 

15  9 

XD 

0 

0 

50 

0 

14 

N 

22 

22 

1 

20 

5 

69 

S 

\A 

26  3 

278 

389 

— 

309 

%a 

10  5 

II  1 

278 

— 

164 

N 

19 

18 

18 

— 

55 

ES 

%A 

0 

375 

250 

80  C 

316 

0 

292 

150 

60  0 

22  8 

N 

8 

24 

20 

5 

57 

All 

%A 

20  4 

250 

276 

40  0 

254 

%□ 

4 1 

141 

155 

300 

127 

N 

49 

64 

58 

10 

I8l 

M'reeniiijr  for  spiromet tie  impairment  in  airmen 
ran  lie  achieved  liy  tt-iti"  only  | lie  i x|iire<|  FYC 
maneuver  from  wliieli  Kelli  FKY,'i  ami 
FKF,.. are  measured. 

On  tlie  basis  of  nlijeetiw  <|uuttl itat i ve  ilata, 
sub-tant  ial  amounts  of  minor  ami  moderate 
spiromelric  impairment  were  manife-teil  in  this 
sample  of  male  "eneral  aviation  pilots.  How- 
ever. for  any  sueli  airman,  the  tippet. ranee  of  a 
measitreil  value  that  is  ipitmt datively  cipiivalciit 
to  minor  or  moderate  spiromet  t ic  iinpairtueiil 
implies  only  tin  possibility  of  an  existing'  tncdi- 
eal  pulmonary  eomlition  that  could  adversely 
a (feet  safe  flight.  Spirometry  is  merely  a way 
of  <|usitit  it  at  iu<r  the  various  merit  ttieil  us|N*ets 
of  ventilatory  impairment.  Whether  the  (|uitn- 
titateil  mitmr-to-nioilerate  spironietrii  impair- 
ment observed  in  this  study  constitutes  alt 
incursion  on  safe  flight  to  any  dcjrree  can  lx* 
ascertained  only  by  testing  such  spiromet  rieally 
impaired  pilots  in  critical  nsja'cts  of  flight  safety 
such  as  altitude,  fatijrue.  and  orthostatic  toler- 
ances. Such  studies  have  already  Itcen  planned. 
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